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CORRELATION OF MAP UNITS

- Middle Eocene

Tpe

Fault and unconformity(?)
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ROCK UNITS SOUTH OF
CERRO GODEN FAULT

Unconformity

DESCRIPTION OF MAP UNITS

Map symbol is queried where correlation is uncertain.

Qa ALLUVIUM (HOLOCENE AND PLEISTOCENE) —
Slightly to moderately weathered gravel, sand, silt,
and clay along principal streams. Includes both
terrace and flood-plain deposits. Many small oc-
currences not shown

QUARTZ DIORITE, GRANODIORITE, AND
QUARTZ MONZONITE (UPPER(?) AND (OR)
MIDDLE EOCENE) — Granodiorite-quartz mon-
zonite pluton at Pico Montoso is fine- to medium-
grained, nonporphyritic, hypidiomorphic to sac-
charoidal rock. Quartz monzonite near center of
body contains quartz, plagioclase, potassic feld-
spar, hornblende, sphene, apatite, zoisite(?), mag-
netite, and pyrite. Rock near north border zone
of the pluton (modal granodiorite, chemically
quartz monzonite) contains chloritized biotite,
sphene, apatite, epidote, magnetite, pyrite, and
chalcopyrite. Weathers readily to reddish-brown
to white soil. Unweathered rock sparse. Pluton
at Indiera Alta is fine-grained, porphyritic, and
nonporphyritic; unweathered and unaltered rock
not seen. Fresh propylitized rock contains plagio-
clase (albite), interstitial quartz and apatite, plus
carbonate, chlorite, leucoxene, pyrite, and minor
molybdenite; chemically is granodiorite-quartz
diorite. A porphyritic border zone at highest
point on body exhibits argillic alteration and con-
tains stoped roof-rock remnants as much as 5 m
across of thin-bedded mudstone. Most of body
weathered to reddish-brown soil. Unit most prob-
ably is younger than middle Eocene stratified rocks
exposed in quadrangle—see text

- GABBRO (UPPER(?) AND (OR) MIDDLE EO-

CENE) — Dark-greenish-gray holocrystalline equi-
granular or porphyritic rock that contains plagio-
clase, clinopyroxene, and magnetite together with
minor amounts of chlorite, prehnite, and epidote.
Weathering products range from reddish-orange
soil to brown grus; both may contain spheroidal
boulders of fresh rock (several metres in diameter
on the north slope of the ridge northwest of Iglesia
Miraflores). Composition moderately variable;
body north of Hacienda Santiago is a high-alumina
gabbro, two bodies west of Hacienda Ballester and
one on Rio Prieto north of Hacienda Monserrate
are alkali gabbro. Unit most probably is younger
than middle Eocene stratified rocks exposed in
quadrangle—see text

PLAGIOCLASE PORPHYRY (UPPER(?) AND (OR)
MIDDLE EOCENE) — Gray and greenish-gray
aphanitic rock that contains phenocrysts of plagio-
clase and microphenocrysts of clinopyroxene (com-
monly altered to chlorite). Dikes in northern one-
third of quadrangle resemble those present in Cen-
tral La Plata quadrangle except for the abundance
of groundmass quartz in the Maricao rocks; they
probably approximate granodiorite in composition.
Those east of Rio Guaba near north border of map
have quartz-sericite alteration. Those southeast of
the pluton of Tqm in Indiera Alta probably are re-
lated to the pluton and represent the hypabyssal
border zone of a larger, still-buried granodiorite
body. Affinities of remaining dikes unknown.
Unit most probably is younger than middle Eocene
stratified rocks exposed in quadrangle—see text

RIO CULEBRINAS FORMATION (MIDDLE EO-
CENE) — Estimated thickness in northeast corner
of quadrangle is about 1,300 m (metres)

Tgqm

Thin-bedded volcanic sandstone and mudstone —
Gray and greenish-gray; contains, in addition to
volcanic rock fragments, crystals of plagioclase,
clinopyroxene, hornblende, quartz, and magnetite.
Weathers to red and yellowish-brown soil

Tuff breccia — Greenish-gray, very thick bedded; an-
gular to subrounded blocks of rock contain pheno-
crysts of plagioclase, clinopyroxene, and horn-
blende. Weathers to reddish- and yellowish-brown
soil

BRECCIA MEMBER OF MILAGROS FORMATION
(MIDDLE EOCENE) — Massive greenish-gray to
gray tuff breccia with blocks of rock containing
phenocrysts as much as 3 mm of plagioclase, clino-
pyroxene, and green hornblende. Also present are
local intercalations of thin-bedded coarse-grained
tuff. Weathers to reddish- and yellowish-brown
soil. Thickness is about 1,700 m

- MAL PASO FORMATION (MIDDLE EOCENE) —

Chiefly aphanitic reddish-brown or reddish-purple
massive pillowed or brecciated basaltic lava that
contains as much as 15-20 percent spherical amyg-
dules as much as one-half centimetre in diameter
filled with calcite or zeolites. Basalt flows contain
microphenocrysts of plagioclase (labradorite, com-
monly albitized), clinopyroxene, and olivine pseu-
domorphs, plus the alteration products hematite,
sphene, and, locally, epidote and chlorite. Pillowed
or brecciated flows commonly contain grayish-red
purple foraminiferal-lime mud that fills the inter-
stices between the pillows or lava blocks. Inter-
bedded with the flows are pyroclastic basaltic brec-
cias and, locally, green pumice and vitric tuffs that
resemble those of the underlying Palma Escrita
Formation. Thickness is about 1,000 m near the
Rio Bucarabones

PALMA ESCRITA FORMATION (EOCENE?) —
Thick to thin-bedded green and greenish-gray pum-
ice-rich rhyodacitic lapilli tuff and coarse- to fine-
grained vitric tuff containing crystals less than 1
mm in size of plagioclase (andesine, commonly
albitized) and green hornblende, and oxidized maf-
ic volcanic rock fragments. Basaltic lava flows con-
taining phenocrysts of plagioclase, clinopyroxene,
and olivine pseudomorphs locally present: Massive
dark-gray nonporphyritic flows present near east
border of quadrangle; partly oxidized diktytaxitic
rocks present north of Escuela Palma Escrita.
Tuffs weather readily to reddish-brown, yellowish-
brown, and yellow soil. Thickness is less than
2,200 m

- RIO BLANCO FORMATION (UPPER CRETA-
CEOQUS) — Chiefly grayish-purple and grayish-red-
purple very thick bedded volcanic breccia and con-
glomerate containing angular to well-rounded oxi-
dized basaltic lava fragments, commonly scoria-
ceous and having abundant phenocrysts of plagio-
clase (labradorite) and clinopyroxene or, rarely,
green hornblende. Massive or scoriaceous lava
flows are present locally, as are thick-bedded coarse-
grained tuff and minor thin-bedded fine-grained
tuff. Weathers readily to brownish-red or reddish-
purple soil. Analyses of breccia blocks and lava
show the unit to be principally high-alumina ba-
salt. Thickness indeterminate

Tpe

Limestone lenses — Gray and brownish-gray dense,
locally thin-bedded limestone lenses in Rio Blanco
Formation that contain abundant larger Forami-
nifera and rudists. Lenses appear to represent
patch reefs or banks formed in shoal water; out-
crop geometry of large lens southeast of Quebrada
Mayaguecilla combined with its moderate south
dip suggests it was convex upward in section (sec-
tion A-4"), perhaps draped over a broad knoll.
Limestone locally cavernous; quarry (cantera) ex-
posures in body west of Highway 120 reveal solu-
tion openings partly filled with dense hematite
(recrystallized ocher). A large cave entrance is
present at the northwest end of the body. The
large lens southeast of Quebrada Mayaguecilla is
highly sculptured by solution, is bordered on the
northeast by a large sink developed at the lime-
stone-volcanic rock contact, has several small cave
openings near its southeast contact, and has a pos-
sible re-emergence of cavern drainage into the
creek that crosses the east limb of the lens
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CONCEPCION FORMATION (as redefined in Mc-

Intyre, 1974) (UPPER CRETACEQUS) — Chiefly
massive (locally pillowed) dark-green or dark-
greenish-gray basaltic lava flows containing pheno-
crysts of plagioclase and clinopyroxene as much as
2 mm in length. Olivine pseudomorphs are locally
present, as are unaltered orthopyroxene and chlo-
rite-filled amygdules. Alteration products com-
monly present in variable amounts are chlorite,
carbonate, epidote, albite, and secondary quartz.
Less intensely altered samples contain zeolites,
prehnite, chlorite, and carbonate. In hydrothermal-
ly altered zones the formation contains abundant
sulfide minerals, chiefly pyrite, and may be strongly
leached. Tuff breccia, thin-bedded tuff, and, rarely,
limestone are locally intercalated with the flows.
Unit weathers readily to a deep-reddish- or yellow-
ish-brown soil that commonly contains spheroidal
remants of fresh rock. Primarily a high-alumina
basalt in the Maricao quadrangle. Thickness in-
determinate

YAUCO MUDSTONE (UPPER CRETACEQUS) —

Chiefly black to dark-gray thin-bedded calcareous
mudstone that contains sparse to abundant plank-
tonic Foraminifera and Radiolaria. North of the
Maricao cemetery and on hill to the west is a dark-
gray calcarenite containing large Foraminifera and
tubular organic structures. The unit also contains
greenish-gray thin-bedded volcanic sandstone and
thick-bedded pumice and vitric tuff. The volcano-
genic rocks contain abundant altered glass and (or)
pumice, plagioclase (andesine), and very sparse
opaque minerals, clinopyroxene, and green horn-
blende; many appear to be clastic rocks that have
been density sorted. These rocks commonly are
partially altered to albite, carbonate, chlorite, preh-
nite, and, rarely, pumpellyite(?). One analyzed
pumice tuff is of dacitic composition; if these rocks
are density sorted, the composition of the unit may
more closely approach andesite toward the source.
Thickness is about 2,400 m near Maricao
Limestone — Gray-weathering brownish-gray lime-
stone in Yauco Mudstone near southeast corner
of quadrangle. Limestone is commonly brittle
with conchoidal fracture, commonly rich in plank-
tonic Foraminifera. Maximum thickness in quad-
rangle is about 85 m

Basaltic and andesitic breccias and lavas — Partially

oxidized andesitic breccias and coarse-grained tuff
containing phenocrysts of plagioclase and horn-
blende or pyroxene, plus massive lavas containing
phenocrysts of clinopyroxene and olivine pseudo-
morphs. One analysis of the lava shows it to be a
potassic ankaramite. Lava of similar appearance
is interbedded with Yauco Mudstone in the Central
La Plata quadrangle

ARICAO BASALT (UPPER CRETACEOUS) —
Chiefly dark-greenish-gray tuff breccia, very thick
bedded coarse-grained tuff, and minor basaltic lava
characterized by prominent clinopyroxene pheno-
crysts in addition to small phenocrysts of plagio-
clase (labradorite). Lava blocks commonly contain
chlorite-filled amygdules. A few samples also con-
tain olivine pseudomorphs. Many samples contain
secondary chlorite, calcite, or, locally, prehnite and
(or) pumpellyite. Some coarse-grained tuff con-
tains abundant reworked fragments of fossiliferous
limestone. One analysis of a lava fragment from
breccia about 2 km northwest of Maricao is of
“olivine tholeiite,” in contrast to high-alumina ba-
salt analyses for similar appearing rocks of this unit
in the Central La Plata quadrangle. Northwest of
Maricao thickness is about 450 m

{0 LOCO FORMATION OF SLODOWSKI (1956)
AND MATTSON (1960) (UPPER(?) CRETA-
CEQUS) — Chiefly gray to dark-greenish-gray
thick massive or amygduloidal pillowed lava flows
containing 10-20 percent phenocrysts 1-5 mm in
size of plagioclase (andesine-labradorite), clinopy-
roxene, and orthopyroxene pseudomorphs. Amyg-
dules and fractures commonly filled with gray to
white chalcedonic silica. Flows weather to brown
granular soils containing small nodular masses of
fresh rock in southern part of quadrangle; on and
north of the Cordillera Central they form reddish-
orange massive soil enclosing large spheroidal-
weathering remnants. Flows commonly partially
altered to albite, chlorite, prehnite, quartz, carbo-
nate, and, locally, zeolites. Flows range in compo-
sition from potash-rich andesite to alkali basalt.
Interbedded with the flows are tuff breccias and
thin-bedded tuffs; thin-bedded tuff and calcareous
mudstone are prominent in the Rio Yauco valley
and on the Cordillera Central in Barrio Tabonuco.
Thickness is about 1,900 m

Gravel — Poorly sorted gravel at base of Rio Loco
Formation in Barrio Tabonuco. Contains well-
rounded pebbles of hornblende microgabbro and
black chert in a sandy matrix containing grains of
serpentinite, clinopyroxene and orthopyroxene
(from serpentinite?), hornblende, feldspar, chro-
mite, and chert. Locally interbedded with the
gravel are thin-bedded-tuffs and pumice-rich lapilli
tuffs. Maximum thickness is about 7 m

Ks SERPENTINITE (CRETACEOUS?) — Black to pale-
green and bluish-green brittle blocky rock that
consists almost wholly of serpentine minerals. A
few samples contain relict olivine, clinopyroxene,
and orthopyroxene; also present are opaque miner-
als (including chromite) and spinel. Norms for
three completely serpentinized samples contain
essentially no diopside; two incompletely serpen-
tinized samples contain 6.6 percent and 15.8 per-
cent modal clinopyroxene. Serpentinite pseudo-
morphs after orthopyroxene (bastite) as much as
1 cm in size produce micalike reflecting surfaces
in many specimens

INTRUSIVE ROCKS CUTTING SERPENTINITE
(CRETACEOQUS?) — Distinctly younger than ser-
pentinite, for many intrusive rocks invade tectonic
shear zones that displace the serpentinite. They
are included here with the serpentinite unit (Ks)
because most are highly altered by reaction with
serpentinite to an assemblage dominated by hydro-
grossular and amphibole. Original composition of
most intrusive rocks is probably basaltic. Most out-
crops too small to show on map

> v .4 qF°p
-“B \ lz:v“ BRECCIA IN “DIATREME” CUTTING SERPEN-

TINITE (CRETACEOUS?) — Chiefly subangular
to well-rounded pebble- and cobble-sized serpen-
tinite fragments, but near center also includes
cobble-sized well-rounded blocks of amphibolite.
Foliation in the amphibolite has survived reaction
with the serpentinite that has produced hydro-
grossular and brown amphibole; a prominent dif-
fuse amphibole-rich zone is developed concentric
to the rounded block surfaces. “Diatreme” is lo-
cated on east bank of stream at grid coordinates
97,180 E.; 36,930 N.

FRAGMENTAL SERPENTINITE (CRETACEQUS?) —
A discontinuous thin (as much as 60 m thick) de-
trital blanket deposit locally present on serpenti-
nite below unconformable contact with Rio Loco
Formation. Very poorly sorted; serpentinite clasts
range in size from silt to boulders 50 cm in dia-
meter

ALTERED VOLCANIC ROCKS (CRETACEOUS?) —
Rocks are in fault silver along Highway 120 at
south edge of quadrangle and include black chert,
tuff, and brecciated altered formerly glassy lava
containing olivine pseudomorphs. No known cor-
relatives elsewhere in quadrangle
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CONTACT - Dashed where approximately located;
queried where inferred

80

——=7—3 FAULT - Showing dip where known. Dashed where
approximately located; dotted where concealed;
queried where existance uncertain. Arrows show
sense of relative horizontal movement. T, move-
ment toward observer; A, movement away from
observer. U, upthrown side; D, downthrown side;
queried where direction uncertain

ANTICLINE — Showing crestline; dashed where ap-
proximately located

—‘— SYNCLINE — Showing troughline; dashed where ap-
proximately located

STRIKE AND DIP OF BEDS — Inclined or overturned
symbol without number indicates amount of dip
not accurately measurable
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— Ball on symbol indicates that top of beds is known
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symbol without number indicates amount of dip
not accurately measurable
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27009
X FOSSIL LOCALITY AND NUMBER - See table 1

27009 — USGS Washington catalog number

f-35157 — USGS Washington Foraminifera catalog
number

MM-16 — Field number

(® @/ LOCALITY AND MAP NUMBER OF ANALYZED,
HYDROTHERMALLY ALTERED ROCK OR
SOIL SAMPLE — Some localities are indicated by
a line along which chip samples were taken. See
table 2

7//////// CONTACT-METAMORPHIC AUREOLE — Surrounding

Pico Montoso pluton

%///////% HYDROTHERMALLY ALTERED ZONE

REMNANT OF LATERITIC RESIDUAL SOIL ON
SERPENTINITE — Some remnants have been
tested for Ni, Co, and Fe (Heidenreich and Rey-
nolds, 1959)

TABLE 1. — Age determinations based on fossils

Lo;?)l 'lty Formation Age

MM-16----- Yauco-------- Late Campanian to early
Maestrichtian.'

MM-34 ----- ----do-------- Late Campanian.’

MM-206---- ----do-------- Early Campanian to early
Maestrichtian; probably
early Campanian.'

MM-212---- ----do-------- Santonian-early Maestrich-
tian."

MM-248 ---- Palma Escrita--- Late Paleocene to Eocene.'

27009 ------ Rio Blanco - - - - - Late Campanian-early Maes-
trichtian.?

27010 ------ ----do-------- Late Campian-early Maes-

) trichtian.?
f-35157 ----  Concepcion ----  Campanian-Maestrichtian.?

! Based on planktonic Foraminifera (E. A. Pessagno, Jr.
written commun., 1969, 1970).

? Based on pelecypods (rudists) (N. F. Sohl, written commun.,
1959, 1968).

*Based on larger Foraminifera (K. N. Sachs, Jr., written com-
mun., 1967).

TABLE 2. — Analysis for elements of economic interest

[Analyses by Laboratorio Antonsanti, Departamento de Recursos Naturales, Santurce, Puerto Rico. Au and Ag determined
by atomic absorption analysis; analysts, R. Boissen and 1. Perez. All other elements determined by semiquantitative spec-
trographic analysis; analyst, L. Hyman. Leaders (- - -) indicate element not detected; L, detected, but below limit of

determination]

Locality

Map Sample

No.

Occurrence
No.

Elements (parts per million)

Au Ag B Co Cr Cu

Mo Ni Pb

1 MM-207 ---- Silicified shear zone

(weathered) --------- 1.6 0.2

2 MM-94 - ---- Propylitized quartz

diorite-granodiorite -- - - - -

3 MM-243 ----  Hydrothermally altered
zone (weathered) - - -

4 MM-244 - - --

MM-245-----

6 MM-124 - - - -
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MISCELLANEOUS GEOLOGIC INVESTIGATIONS

MAPI-918
INTRODUCTION

Most of the Maricao quadrangle is underlain by deep residual
soil on which are grown coffee, plantains, citrus fruits, and re-
lated crops. An exception is the southwestern part of the quad-
rangle, underlain by serpentinite, where thin soil and bare rock
are common. Several good paved highways and an intricate net-
work of jeep roads provide access to within about a kilometre of
most points in the quadrangle; after heavy rains, however, the
jeep roads are passable only with difficulty. Much of the ser-
pentinite area lacks roads or trails.

Subdued topography developed on the Rio Blanco Formation
in the northwestern part of the quadrangle appears to be a south-
ward extension of the pre-middle Oligocene erosion surface that
is a prominent element of the landscape toward the north and
northwest. Rugged topography immediately south, beyond the
Cerro Goden fault, may mark the boundary of this surface in the
Maricao quadrangle.

New evidence has indicated a need for revision of the Rio
Blanco Formation-Concepcion Formation contact from the ver-
sion shown at the south border of the San Sebastidn quadrangle
by Tobisch and Turner (1971). In the Maricao quadrangle the
two formations are separated by a fault that crosses the border
with the San Sebastidn quadrangle at a point west of that indi-
cated by Tobisch and Turner (1971). A few minor faults along
the north border of the Maricao quadrangle also do not appear
on the San Sebastidn quadrangle.

Special acknowledgement is due E. A. Pessagno, Jr., Univer-
sity of Texas at Dallas, for determination of planktonic Foram-
inifera, to K. N. Sachs, Jr., U.S. Geological Survey, for identifi-
cation of larger Foraminifera, and to N. F. Sohl, U.S. Geological
Survey, for his work and helpful comment on the rudists. Table
1 shows ages for the formations in the Maricao quadrangle based
on these fossil identifications.

STRUCTURE

The structure in the Maricao quadrangle is part of a regional
structural pattern that is a consequence primarily of left-lateral
transcurrent movement along west-northwest- and west-trending
faults. This structural pattern provides us with a partial record
of differential motion between the Atlantic and Caribbean plates
during the Late Cretaceous and early Tertiary. The principal
structural features in the quadrangle are three broad west-north-
west- and west-trending, highly faulted folds and numerous faults,
including at least three of major importance. One of these faults
is a principal part of the great southern Puerto Rico fault zone
along which major left-lateral transcurrent movement occurred
during the early Tertiary (Glover, 1971). A fourth fault zone of
potential importance is located in the extreme southwest corner
of the quadrangle.

The northernmost fold, a southeast-plunging anticline greatly
disrupted by faulting, exposes the Rio Blanco and Concepcicn
Formations in its core, and Palma Escrita and Mal Paso Forma-
tions on its nose and flanks. This fold has been mapped for
more than 30 km toward the west-northwest; in that distance it
twice reverses plunge before disappearing beneath an uncon-
formably overlying unit in the Rincdn quadrangle. The south-
ernmost fold is an anticline cored by serpentinite, part of the
Las Mesas-Frailes anticline of Slodowski (1956). Serpentinite
diapirism does not appear to have played a significant role in the
development of this fold in the Maricao quadrangle; the fold
shape is similar to that of others developed wholly within volcan-
ic rock, and deformation of the serpentinite appears to have
been generally mild. Separating the two anticlines is an east-
ward-plunging syncline that has been greatly disrupted by fault-
ing. If the 11 km of left-lateral displacement on the Cordillera
fault is removed and the jumble of fault blocks near the town of
Maricao is reshuffled, the fold can be readily seen.

Of the three major faults in the quadrangle, one, the fault
separating the Rio Blanco and Concepcidn Formations, predates
the folding. Movement along it has juxtaposed these two units
which are similar in composition and age but which differ mark-
edly in appearance and physical properties. A large component
of left-lateral transcurrent movement on this fault is likely, but
no evidence for sense of movement was found. The faulting
took place sometime after the late Campanian-early Maestrich-
tian (age for the Rio Blanco Formation) and before the middle
Eocene (pre-Palma Escrita Formation).

Post-middle Eocene fault movement in part contemporaneous
with the folding has taken place along part of the west-north-
west-trending fault system in the northeast corner of the quad-
rangle (an extension of the Aflasco fault of the San Sebastidn
quadrangle). Movement on this fault appears to be minor, for
it separates formations that are in nearly normal stratigraphic
sequence. This fault is believed to have a dominant dip-slip com-
ponent in the San Sebastidn quadrangle (Tobisch and Turner,
1971). This dip-slip component, together with the fault’s loca-
tion on the northeast flank of the large anticline, suggests that
the fault is a subsidiary feature related to the anticline.

The Cerro Goden fault is a major strand of the great south-
ern Puerto Rico fault zone. It locally separates formations of
similar age but of vastly different character—the Rio Blanco
Formation and the Yauco Mudstone. Movement on subsidiary
faults in the Central La Plata quadrangle (McIntyre, 1971) and
regional relations show the major movement to have been left
lateral; the amount of dip-slip movement is unknown but appears
to have been minor because of the modest to negligible contrast
in age of some formations juxtaposed by the fault. The Cerro
Goden fault has been traced westward to the coast; its eastward
continuation, offset by movement on the Cordillera fault, may
be the Lago Garzas fault in the Adjuntas quadrangle (Mattson,
1968). Movement on the Cerro Goden fault is of post-middle
Eocene age because formations of this age in the Central La Plata
quadrangle were affected by it.

One additional important group of faults trends northwest-
ward in the vicinity of the Rio Yauco valley, near the southeast
corner of the map. Even though details of the relationships in
this area remain unclear, it is apparent that the dominant motion
has been left lateral and that most of the movement occurred
prior to movement on the Cordillera fault.

The youngest major fault movement in the quadrangle has
taken place along the west-trending Cordillera fault (named by
Slodowski, 1956). Left-lateral movement of about 11 km has
offset the Cerro Goden fault from its presumed correlative, the
Lago Garzas fault, has also offset the syncline near Maricao and
has separated the pluton at Pico Montoso from a felsic pluton
south of the fault in Barrio Indiera Alta. The fault zone is beau-
tifully exposed north of the pluton in Indiera Alta.

INTRUSIVE AND HYDROTHERMAL ACTIVITY

The felsic and gabbroic intrusions north of the Cerro Goden
fault are Eocene or younger because they cut rocks as young as
early middle Eocene (Mal Paso Formation, Tmp); those em-
placed in Cretaceous rocks are identical to those cutting Eocene
formations. The hydrothermally altered zones in the same area,
mostly located in Cretaceous host rocks, also are Eocene if the
alteration is presumed to be related to the felsic intrusions; one
such zone near the northeast corner of the quadrangle follows
a fault that offsets breccia questionably assigned to the breccia
member of the Milagros Formation (middle Eocene). The in-
trusions and altered zones may be contemporaneous with those
nearby in the Bayaney quadrangle that are associated with eco-
nomic copper deposits, and that have yielded late Eocene K-Ar
ages (D. P. Cox and R. F. Marvin, oral and written commun.,
1971, 1973).

Felsic intrusive activity south of the Cerro Goden fault most
probably is Eocene. The following lines of evidence support the
Eocene age, although they do not in themselves rule out a post-
Campanian-Maestrichtian-pre-middle Eocene age:

1. The intrusions invaded rocks possibly as young as early Mae-
strichtian that already had been complexly faulted.

2. The intrusions in Barrio Indiera Alta were guided by faults
identical in pattern to those 3 km farther north that offset
Eocene rocks.

3. Quartz-sericite and quartz-kaolinite alteration in the pluton
at Pico Montoso is localized along faults of Eocene age that
offset the pluton. If the alteration were related to fluids
from a still-cooling part of the pluton, near-contemporaneity
of intrusion and faulting would be suggested.

METAMORPHISM

Metamorphism in the quadrangle is of two contrasting types—
the contact metamorphic aureole surrounding the Pico Montoso
pluton and the pervasive, irregularly distributed low-grade meta-
morphism that affects most of the Cretaceous volcanic rocks.

Metamorphic grade in the aureole surrounding the intrusion
at Pico Montoso ranges from pyroxene hornfels facies (clino-
pyroxene overgrowths on clinopyroxene) on Pico Montoso it-
self, through hornblende hornfels facies, to rocks containing al-
bite, epidote, and actinolite or epidote, quartz, calcite, and chlo-
rite. Rocks in the aureole generally are harder, darker, and more
resistant to weathering than their unmetamorphosed counter-
parts. No apparent aureole surrounds the body in Barrio Indiera
Alta. Pervasive alteration of the well-exposed parts of the pluton
itself suggests free circulation of thermal waters within the intru-
sion; general lack of alteration within the Pico Montoso body,
together with its broad aureole, suggests that thermal water circu-
lation was restricted to rocks surrounding the pluton. These con-
trasts probably reflect differing fracture histories; thus, although
hydrothermally altered fractures cutting the Pico Montoso in-
trusion distinctly postdate the contact aureole, they may have
been generated within a still-cooling, lower portion of the pluton.

Pervasive low-grade metamorphism affects the Cretaceous
rocks. Disruption of original textures is not common. The
alteration products seldom exceed a small percentage of the
rock. South of the Cerro Goden fault the alteration assemblage
is dominated by prehnite + pumpellyite. North of the fault,
rocks in the Rio Blanco and Concepcidn Formations are little
altered except in proximity to Eocene intrusions and hydro-
thermal zones; carbonate and chlorite often are the only altera-
tion products. In the northwest corner of the quadrangle, how-
ever, Rio Blanco rocks become prehnitized. Adjacent to the
Eocene plutons and hydrothermal zones, the assemblage of chlo-
rite, epidote, albite, sphene + carbonate and (or) quartz is common.

These metamorphic relations are interpreted as follows:

1. The contrast in regional metamorphic grade north and south
of the Cerro Goden fault indicates that this metamorphism
predates movement on the fault.

2. The increase in metamorphic grade toward the northwest in
rocks north of the Cerro Goden fault may indicate a regional
metamorphic gradient related to the felsic intrusive complex
and epidotized zone in Rio Blanco rocks of the Central La
Plata quadrangle (Mclntyre, 1971).

3. Alteration halos associated with the Eocene plutons and hy-
drothermal zones in the Rio Blanco and Concepcidn Forma-
tions appear different in origin from the regional background
and may be somewhat younger. They appear to be weaker,
more diffuse, vague counterparts of the Pico Montoso con-
tact aureole.
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